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采用 Western blot 和免疫组化方法检测心肌组织中 Cx43 的磷酸化水平和分布情
况。在细胞水平探究 EAM 大鼠血清和 IL-1β引起 Cx43 368位磷酸化相关信号通
路的激活；采用离体心脏灌流技术观察 IL-1β和 QRS波群的关系；最后在 EAM
大鼠模型中，分别于 EAM 第 14天给予腹腔注射 Ro-32-0432（PKC 阻断剂）和
SB203580（p38 阻断剂），3 次/周，于第 21 天观察心电图 QRS 波群的变化，
Cx43分布和磷酸化水平。
结果：在心肌炎病程中伴随着 QRS 波群的延长，且这种变化与 Cx43 368位
的磷酸化密切相关。离体心脏灌流实验进一步证明抑制 Cx43缝隙连接通道可以
引起心电图 QRS 波群增宽、电压降低。细胞实验证明 EAM 大鼠血清可以通过
激活 PKC 和 p38 MAPK信号通路，增加 Cx43 368位的磷酸化，抑制心肌细胞之
间缝隙连接通道的功能；而 IL-1β仅能有效的激活 p38 MAPK通路，增加 Cx43 368
位的磷酸化，从而抑制缝隙连接通道的功能。此外，灌流实验进一步证明 IL-1β
通过激活 p38 MAPK通路上调 pS368Cx43引起缝隙连接通道功能的减弱和心电图
QRS 波群的延长。在动物水平，分别给予 EAM 大鼠 PKC 阻断剂（Ro-32-0432）
和 p38 MAPK阻断剂（SB203580）治疗后都可以明显下调 pS368Cx43，抑制 QRS
波群的延长。
结论：本课题在动物水平和细胞水平证明，血清中各种促炎性因子和蛋白通
过激活 PKC 和 p38 MAPK信号通路促进 Cx43 368位磷酸化的升高，抑制 Cx43
缝隙连接通道的功能，进而引发心肌炎中 QRS波群的异常。















Objective: Clinical studies have found that most patients with myocarditis are
accompanied by prolonged QRS complex (≥ 120ms), and prolonged QRS complex is
an independent risk factor for mortality in heart diseases. In the present study,
utilizing experimental autoimmune myocarditis (EAM) as a disease model, we
explored the correlation of abnormal QRS complex and pS368Cx43 in the ventricular
myocardium.
Method: EAM was induced in Lewis rats with immunized with porcine cardiac
myosin. We recorded the lead II ECG of rats in the time course of EAM to observe
changes of QRS complex after immunization. Meantime, we used western blot and
immunohistochemical technologies to evaluate the phosphorylation, pattern and
distribution of Cx43. To further demonstrate the relationship between Cx43 and QRS
complex, we perfused 18-β-Glycyrrhetic Acid(18-βGA) to disturb the Cx43 gap
junctional communication in isolated hearts. Treatment H9C2 cells with EAM rats
serum to assess the phosphorylation of Cx43 at serine 368 in the presence or absence
of Ro-32-0432 (PKC specific blocker) and SB203580 (p38 MAPK specific blocker).
Furthermore, we used fluorescent dye transfer assay to evaluate the gap junctional
communication impaired by EAM serum or IL-1β in presence and absence of p38
MAPK inhibitor. Treatment EAM rats with PKC specific blocker or p38 MAPK
specific blocker by intraperitoneal injection to evaluate the QRS complex. The
phosphorylation and pattern of Cx43 were measured by western blot and
immunohistochemical technologies.
Results：In the present study, we showed that the prolongation of QRS duration is
accompanied by elevated phosphorylation of connexin 43 (Cx43) at serine 368
(pS368Cx43) not at serine 262. In cultured cells, EAM rat serum and inflammatory
cytokine IL-1β activated p38 MAPK to up-regulate pS368Cx43 and destroy cell-to-cell
communication. In isolated hearts of normal rats, perfusion of IL-1β not only














duration. Furthermore, blockade of p38 MAPK down-regulated pS368Cx43, improved
cell-to-cell communication and reduced QRS duration in EAM. Meantime, blockade
of PKC down-regulated pS368Cx43 and reduces the QRS duration. These findings
suggest that up-regulation of pS368Cx43 by IL-1β via p38 MAPK not PKC pathway
contributes to the prolongation of QRS duration and could be a therapeutic target for
myocarditis-induced prolongation of QRS duration.
Conclusion: In this study, our findings reveal that increased phosphorylation of
Cx43 induced by IL-1β at serine 368 via PKC and p38 MAPK pathway correlates
with changed QRS complex in myocarditis.
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Figure 1-1. Clinical presentation and evolution of acute viral myocarditis[58](dotted
lines indicate potential evolution). DCM, dilated cardiomyopathy
1.4 心肌炎的临床病程及扩张性心肌病
大约 50多年前，急性心肌炎就被认为可以引发扩张性心肌病[51]。公认的研
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